• the differentiation within a soil type in terms of the ionic composition of soil sorption complex and soil water extracts in the individual soil horizons;
• the differentiation amongst the soils in terms of the contents of the cations in the soil and the soil water extract, as well as the relationships between them;
• the differentiation of the Ca/Al and base cations to Al (BC/Al) indicators amongst forest soil types.
MATERIAL AND METHODS
The study was conducted on the three research plots: Cambisol on the PG and PB plots. The soils in the coniferous and the coniferous-deciduous forest were developed from fluvioglacial or eolian sands, whereas the soils in the deciduous site were emerged from glacial boulder clays. All soils were moderately to strongly acidic. The selected soil properties are presented in Table 1 .
On each plot, 10-12 soils profiles were investigated. Soil samples were taken from the individual horizons down to the depth of the parent rock. All samples had been air-dried and sieved through a BS, base saturation (Ca + Mg + K + Na)/(Ca + Mg + K + Na + Al + H); S-ex, sum of exchangeable Ca, Mg, K, Na and Al; S-ss, sum of Ca, Mg, K, Na and Al in soil solution; SD, standard deviation; *, soil depth.
Differences in letters indicate differences within soil horizons at the 0.05 probability level.
in studied types of soil (n was from 2 to 9) was small, which could be the reason that, in many cases, despite the large differences between the mean values, there was no statistical significance.
RESULTS AND DISCUSSION
The summary content of Ca + Mg + K + Na + Al in the soil (S-ex) and the soil water extract (S-ss) was the largest in the organic horizon and decreased with the soil depth. In the O horizon, the values of these sums increased in the sequence: Haplic Podzol < Dystric Arenosol < Dystric Cambisol (Table 1 ). In the same sequence, the values of both sums grew in the parent rock.
The ionic composition of soil sorption complex and soil water extract in the individual horizons of the soil types considered is presented in Figure 1 . In Haplic Podzol, Ca dominated in the soil sorption complex in the organic horizon (54%) and so did K and Na (28-30% each) in the water extract. In the mineral horizons,
Al was the dominant in S-ex and S-ss, with its percentage share falling, respectively, within the ranges 50-80% and 51-72%, depending on the soil horizon ( Fig. 1 ).
Organic horizons of Dystric Arenosol and Dystric Cambisol were saturated by Ca (approximately 70%), while the water extracts were dominated by Ca (36-43%) and K (34-36%). Mineral horizons in these soil types were dominated by Al. The shares of Al in S-ex decreased with the soil depth, whereby in the C horizons, they were less than those of Ca (Fig. 1) . The soil water extracts from the mineral horizons of Dystric Arenosol and Dystric
Cambisol were characterised by a smaller Al share and a larger Ca share in S-ss than that of Haplic Podzol.
In Haplic Podzol, the Ca-ex and Al-ex contents decreased from the O horizon to the C horizon, except for the Bhs horizon, where the Al-ex content was greater than that in the adjacent horizons (Table   2) , what is a natural result of the podzolisation. Thus, the Ca/Alex ratio was the lowest in the Bhs horizon, which subsequently increases to 0.8 in the C horizon (Table 3 ). In the soil water extracts, the Ca/Al-ss ratio was the lowest in the E horizon.
In Dystric Arenosol, changes in the contents of Ca and Al led to the highest Ca/Al-ex ratio in the O horizon and the lowest in the A horizon, with the values rising with soil depth. In the soil water extracts, the lowest Ca/Al-ss ratio was also noted in the A horizon, as in the deeper lying horizons, the Ca/Al-ss ratios were greater than 1. In general, the Ca/Al-ss values in Dystric
Arenosol were higher than those in Haplic Podzol (Table 3) . In
Dystric Cambisol, the Ca/Al-ex values were higher than those in the other soil types. In the soil water extracts, the Ca/Al-ss value was the highest in the O horizon and the lowest in the Bw horizon (Table 3) .
Changes in the Ca/Al-ss and BC/Al-ss values were related to the solubility of ions, measured by the ratio of their content in the soil water extract to their exchangeable content in the soil.
In all the horizons of Haplic Podzol, the greatest solubility was demonstrated by Na and K. In Dystric Arenosol, the greatest solubility of K and Na was observed only in the O and A horizons.
A greater Al solubility was observed in the O and C horizons of Dystric Arenosol than in the other soil types. In the parent rock of Haplic Podzol, greater Ca and Mg solubility was found than that in the other soil types (Fig. 2) , possibly suggesting that these soil was the most impoverished because of the leaching of base cations as a result of soil acidification.
The contents of base cations in the soil water extract were strictly related to their contents in the soil exchange sites, with correlation coefficients within the range 0.83-0.94, except Al, for which r = 0.20 (Table 4) . 2.0 ± 0.6 a 7.8 ± 3.1 a 0.14 ± 0.07 a 0.14 ± 0.10 a BvC 7 2.5 ± 0.9 a 7.8 ± 9.2 a 0.11 ± 0.05 a 0.15 ± 0.16 a C 6 5.7 ± 5.2 a 2.5 ± 2.6 a 0.11 ± 0.05 a 0.13 ± 0.09 a Table 4 . Correlation coefficients between the content of cations in soil (ex) and in soil solution (ss), share of cations in S-ex and S-ss and base saturation (BS) and Ca/Al ratios in soil and soil solution (n = 155). Our results also indicated that the contents of base cations in the soil water extract were closely related to their contents in the soil exchange sites. These relationships were linked to the solubility of elements, that is, the fluxes of the individual elements between the soil and the soil water, as well as their outflow (uptake, leaching). In turn, the relationships between the ionic composition of the soil sorption complex and the soil water extract, that is, the shares of the particular ions in their sum, were less strict. These relationships were linked not only to the solubility of the particular element but also to the solubility of other elements including in the sum. The intensity of cation leaching depends, among others, on the soil type and vegetation cover. Our earlier study showed that over the past 27 years, the composition of CEC, expressed as series of decreasing shares of cations, showed replacement of Ca with H ions in the Dystric Arenosol; a shift of Ca and Mg towards lower percentages and an increase in the share of H in the Dystric Cambisol and a drastic decrease in the Mg contribution in the Haplic Podzol . This suggests that the ion composition of soil sorption complex may be used as an efficient index for evaluating the acidification process.
Cation contents
According to Graf Pannatier et al. [2004] , the soil base saturation (BS) and the BC/Al ratio in soil were related to BC/Al in soil solution. Our research found that the BS was not strongly related to the Ca/Al-ss and BC/Al-ss (Table 4 ). In turn, the BS showed a relationship with Ca/Al-ex and BC/Al-ex (correlation coefficients 0.69). The values of the Ca/Al varied both in the profile of a given soil type and amongst soil types. Their application can be useful for a quality assessment of soils, among others , the abundance of the pool of base cations available to plants, the degree of acidification and the advancement of the podzolisation process.
CONCLUSIONS

Our research indicated
• The differentiation of the ionic composition of soil sorption complex and soil water extracts within a soil type and amongst soil types; in the organic horizon as well as in the parent rock, the sum of Ca + Mg + K + Na + Al in the soil and soil water extract increased in a sequence: Haplic Podzol < Dystric Arenosol < Dystric Cambisol;
• Strong relationships between the soil sorption complex and the soil water extract, expressed by the correlation coefficients (>0.8) between the contents of base cations in both media;
• In both, the soil sorption complex and the soil water extracts of soil horizons, the values of the Ca/Al and BC/Al ratios increased in the sequence: Haplic Podzol < Dystric Arenosol < Dystric Cambisol.
